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INTRODUCTION 
The understanding of the loads 
generated within the prosthetic leg can 
aid engineers in the design of 
components and clinicians in the 
process of rehabilitation.  
Traditional methods to assess 
these loads have relied on inverse 
dynamics. This indirect method 
estimates the applied load using video 
recordings and force-plates located at a 
distance from the region of interest, 
such as the base of the residuum. 
The well-known limitations of 
this method are related to the accuracy 
of this recursive model and the 
experimental conditions required 
(Frossard et al., 2003).  
Recent developments in 
sensors (Frossard et al., 2003) and 
prosthetic fixation (Brånemark et al., 
2000) permit the direct measurement 
of the loads applied on the residuum of 
transfemoral amputees.  
In principle, direct 
measurement should be an appropriate 
tool for assessing the accuracy of 
inverse dynamics. The purpose of this 
paper is to determine the validity of 
this assumption. The comparative 
variable used in this study is the 
velocity of the relative body center of 
mass (VCOM(t)). The relativity is used 
to align the static (w.r.t. position) force 
plate measurement with the dynamic 
load cell measurement. 
METHOD 
A single, male, transfemoral 
amputee, fitted with a quadrilateral 
socket, participated in this study (95kg, 
1.78 m, 33 years, right leg amputation 
and a gait cycle of 1.1 seconds).  
The measurements examined 
during ambulation in a standard gait 
laboratory included kinematics data 
(KIN) from a 3D motion analysis 
system (50Hz) and dynamic data from 
two force-plates (DYN-FP) (500Hz). 
In addition, dynamic data from a load 
cell (DYN-LC) mounted between the 
knee and the fixation were recorded 
(200 Hz).  
The 3D coordinates of VCOM(t) 
were calculated using two methods: 
 Method A used DYN-FP and KIN 
data expressed in a global 
coordinate system (GCS), 
 Method B used DYN-LC and KIN 
data expressed in a load cell 
coordinate system (LCS). 
The VCOM(t) was determined 
using KIN data, at each instant t (Gard 
et al., 2004), using 
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where i is the segment, mi is the mass 
of segment i, VCOMi / R  is the velocity of 
the center of mass of segment i, M is 
the subject’s mass and R is GCS for 
Method A and LCS for Method B. 
The VCOM(t) was determined, 
using DYN-FP and DYN-LC data, at 
each instant t (Steidel, 1989), using 
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where, F(t) is measured by FPs, limit a 
is left toe off (LTO), limit b is right 
heel contact (RHC) and R represents 
the GCS for Method A. For Method B, 
F(t) is measured using the LC, limit a 
is LTO, limit b is left heel contact 
(LHC) and R represents the LCS.  
RESULTS 
 
Figure 1. Example of relative velocity of the 
centre of mass, VCOM / R(t) in the anterior-
posterior (AP) direction using Method A and 
B. LTO is left toe off, LHC is left heel contact 
and RHC is right heel contact. NB, full gait 
cycle is 1.1 seconds. 
  
Table 1. Indicators (cov is the coefficient of 
variation) and accuracy of the VCOM (t) using 
Method A and B, assuming perfect kinematics 
representation. NB. Normalised square error 
was used in calculation. 
 
DISCUSSION  
The error in VCOM/R(t) between 
Method A and B represents, inversely, 
the level of agreement between 
indirect and direct measurement. 
This error was minimal in the 
anterior-posterior (AP) direction. The 
errors in the medial-lateral (ML) and 
longitudinal (L) direction for direct 
measurements (Method B) can be 
attributed to inaccuracy in the 
estimation of the LCS origin and the 
relatively low magnitude of VCOM/R(t). 
Errors in origin position affect the 
kinematics results and low signal 
magnitudes create reduced signal to 
noise ratios, which ensure a larger 
error value. 
Additional error, for both direct 
and indirect measurements, is 
generated in the L-direction by 
oscillation of the soft tissue, 
particularly at the trunk, during heel 
contact. 
CONCLUSION 
 Comparative studies of inverse 
dynamic techniques using direct 
measurement appear feasible, ensuring 
  Velocity (m/s) Error
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AP 0.2 0.7 0.3 1.04 
ML -0.1 0.0 1.1 2.08 
L -0.5 0.1 0.8 12.59 
M
et
h
o
d
 B
 AP 0.9 1.3 0.2 0.83 
ML -0.1 0.2 2.5 20.85 
L -0.2 0.2 4.4 20.24 
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the measurements are of sufficient 
accuracy. 
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